Permanent epicardial pacing wires are sometimes left in place and can lead to longterm complications. We report on a case of a granulomatous reaction with a cutaneous fistula secondary to the retained epicardial pacing wires in a child and highlight the relevance of sonography as an additional tool in the diagnosis and management of dermatologic conditions. We report on a pediatric cutaneous fistula with a granulomatous reaction secondary to the retained wires from a disused cardiac pacemaker.
| INTRODUCTION
Previous reports indicate that cardiac pacemakers can lead to granulomatous dermatitis due to their titanium generators. However, there are few reports of long-term cutaneous manifestations as a result of their electrodes or leads. Components of redundant pacemakers left in situ are associated with multiple complications. Cutaneous events include wire-related erosions, fistulas, local infections, and foreign body granulomas, among others. 1 We report on a pediatric cutaneous fistula with a granulomatous reaction secondary to the retained wires from a disused cardiac pacemaker.
| CASE REPORT
A 10-year-old child with a cardiac pacemaker due to a congenital atrioventricular heart block secondary to neonatal lupus was referred to the dermatology department for an inflammatory lesion adjacent to a sternotomy scar.
The patient's medical history indicated that, at the age of 6, the first epicardial pacemaker was removed and replaced with a new endocardial device, but the previous electrodes and leads were left in place. Due to this background, the patient was carefully questioned and stated that the lesion appeared after direct trauma to his abdomen while he was at school. Following this event, he noticed a tender growth on the traumatized region that had enlarged during the previous year.
During an examination, he showed a nodular, exudative, and bleeding wound located in the epigastrium near an epicardial mass measuring 2 cm (Figure 1 ). Empiric antimicrobial treatment was initiated using oral amoxicillin/clavulanic acid and topical mupirocin, but no improvements were observed after 6 weeks. Additionally, cultures, including bacterial and mycobacterial, were negative. These results, along with the long-term evolution of the patient's condition, indicated that an infectious origin was not likely.
A cutaneous ultrasonography performed during the visit identified an oval dermo-hypodermal image that was located beneath each of the clinical lesions. A fistulous hypoechoic tract was found in connection with deeper planes where a hyperechoic bilaminar linear structure was visible and created a reverberation artifact. It extended in depth from the hypoechoic area beneath the central lesion, and the Doppler mode showed a slight increase in peripheral blood flow (Figure 2 ). The observed echodensities confirmed the diagnosis of a cutaneous fistula with a foreign body granuloma secondary to the residual pacemaker electrodes. A further chest X-ray identified the exact location of the pacing wire, which had migrated and was found displaced in the epigastrium ( Figure 3) . The patient was evaluated by cardiothoracic DOI: 10.1111/pde.13706 surgeons and scheduled for a wire removal that was performed without any relevant complications. The patient's recovery was uneventful and there was no clinical recurrence after 6 months.
| DISCUSSION
Cardiac pacemakers consist of three parts ( Figure 4 ): an impulse generator, the pacing leads, and their electrodes. [1] [2] [3] Pacing leads can be implanted via transvenous (endocardial) or surgical (epicardial) routes depending on the size of the patient. 4 Over the last few decades, epicardial systems have been safely implanted in pediatric patients. 5 Our patient had a permanent epicardial pacemaker that was implanted at birth and later replaced with an endocardial device. It is crucial to know the differences between temporary and permanent epicardial pacemakers. Temporary epicardial pacing wires (TEPW) are routinely used during cardiac surgery and typically removed postoperatively by gentle traction. Alternatively, they can be cut flush to the skin so that the residual wire retracts into the tissue. 6 In contrast, permanent epicardial pacing leads are surgically implanted (either by being sown or screwed) into the myocardium, and this needs to be taken into account when dealing with such leads. In the latter case, removing the full system requires a surgical approach since the extraction procedure can lead to serious complications. As a result, in some cases, the generator is removed while the leads are left in place. 2 Professionals need to be made more aware of this remaining material to avoid undesirable complications. 1 This prosthetic material, if inadequately handled, can lead to the laceration of the myocardium, ventricular arrhythmias, or hemopericardium. 1,2 Therefore, close cooperation with the cardiac surgeons is required. 3 Retained epicardial leads can also lead to long-term consequences such as lead dislodgment, diaphragmatic hernia, venous thrombosis, muscle stimulation, and skin lesions. 7 In the case of dermatologic findings, it should be noted that cutaneous erosions, local infections, fistulas, and granulomatous reactions close to pacemaker scars should lead doctors to consider the presence of an underlying abandoned lead.
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F I G U R E 1 Clinical photograph shows erythematous swelling in the epigastrium, where a nodular and ulcerated lesion can be appreciated (arrow). Adjacent to this, there is another subcutaneous lesion (*) near to the sternotomy scar F I G U R E 2 Grayscale ultrasound image (longitudinal view) demonstrates a bilaminar hyperechoic linear structure producing a reverberation artifact within a fistulous hypoechoic tract (*) connected to deeper layers F I G U R E 3 Anteroposterior chest radiograph, showing the remaining leads of the former pacemaker at the bottom of the image, one of them with the end coinciding with the cutaneous lesion at epigastric location (arrow). The current pacemaker is also identified, with a generator connecting to the cable that stimulates the right ventricle
In the latter case, dermatologists play an important role since the cutaneous manifestations represent a diagnostic cue when detecting local complications related to the remaining pacing wires.
Our case illustrates one of the main long-term cutaneous compli- There are few references in the medical literature regarding the complications that can arise from retained epicardial pacing leads and even fewer reports in pediatric cases. Thus, we identified 10 studies (including those involving temporary and permanent epicardial devices) that provide the best evidence for this topical and summarized their features in Table 1 . In the case of permanent epicardial pacemakers that were placed during childhood, such as our patient's, it has not been established if a complete removal, including the leads, is advisable when transvenous systems are placed later in life. The risk of complications related to the retained epicardial leads is generally considered to be low. 7 In contrast, other authors recommend removing the epicardial wires when they are no longer needed due to the low risk of the procedure when compared to the potential benefits. 9 As a result, there is not a clear consensus and this decision often requires an individual assessment. Regardless of the choice, an operating room is required as with any surgical procedure, and complications may occur that could be life threatening. 1 Uninfected cables do not typically lead to any significant problems, but complications can arise as a result of direct trauma. 10,11 Alam previously described two cutaneous fistulas that were related to retained epicardial pacing wires in a heart transplant patient after a spontaneous airbag inflation. 10 Considering this case, it is likely that an accidental bump to the abdomen of our patient led to the migration of the abandoned pacing wires and a secondary erosion of the skin resulting in a cutaneous fistula with a granulomatous reaction. Additionally, Kootiratrakarn reported a nonspecific granulomatous mass on the chest wall of an 81-year-old man after the removal of a pacemaker in which the lead-electrodes were left in place. Tissue debridement and a simple resection of the ends of the leads resolved the episode. 3 Most of the reported cases involved elderly patients as they are more frequent users of cardiac pacemakers. 1-3,10 However, Hachiro described a mediastinal infection in a 21-month-old boy due to a retained epicardial lead that required surgical extraction of the entire pacemaker system using extracorporeal circulation. 11 In another case mentioned by Matwiyoff, the retained pacing wire was found incidentally during the biopsy of a foreign body granuloma on the trunk of a 77-year-old man with a history of coronary artery bypass grafting. Surgical extraction of the retained lead required the intervention of cardiac surgeons. 12 Additionally, Dyal highlights a case of infective endocarditis and subsequent stroke secondary to the retained TEPW from a previous coronary bypass in a 52-year-old man. 13 The case described by Hsu is dramatic, in which a 49-year-old woman presented with impending cardiac tamponade due to the migration of a retained TEPW that led to severe hemopericardium. 14 
| CONCLUSION
Long-term complications may arise from abandoned pacing wires that lead to significant morbidity and that require additional surgery.
Therefore, any retained materials should be documented in the patient's medical history. 9 If skin lesions appear near a pacing device, especially if foreign material is seen on an ultrasound, it is important to avoid any uncontrolled traction procedures and to contact surgeons with experience in this area to ensure the proper management of these patients.
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